Tendrils produced from shoot tips of grapevine (Vitis vinifera L.) cultured in vitro on Nitsch's medium developed into inflorescences when 5 to 10 jM benzyladenine (BA) or 6-(benzylamino)-9-(2-tetrabydropyranyl)-9H-purine (PBA) were applied directly to the tendril tips.
The physiology of flowering in photoperiodically controlled herbaceous plants has been the subject of intensive research (3, 4, 30) but there have been few studies on flower induction and differentiation in daylength-insensitive, woody perennials such as fruit trees and grapevines (2, 8) . Research on flowering in most woody species is made difficult by the long juvenile or nonflowering periods of seed-grown plants, by the large size of adult trees, and by the annual occurrence of flowers. In addition, the reproductive anatomy of grapevines in particular is exceedingly complex and has only recently been clarified by scanning electron microscopy (27) .
Flowering in grapes is a three-step process: (a) formation of anlagen; (b) differentiation of inflorescence primordia; and (c) formation of flowers. Anlagen are undifferentiated or uncommitted primordia which arise from terminal or axillary bud apices. Anlagen are formed in the current season and give rise either to inflorescence primordia or to tendril primordia. Usually, flowers are formed from inflorescence primordia at the time of bud burst in the following season (12, 21, 27) .
Inflorescences and tendrils are both derived from anlagen and are homologous organs (1) . Anlagen which undergo repeated branching give rise to inflorescences while those which produce only two or three branches give rise to tendrils (27) . Accordingly, grapevine tendrils can be interpreted as weakly differentiated inflorescences. It follows that the control of inflorescence formation in grapes hinges upon the control of branching of anlagen or of tendrils.
The present paper is concerned with the nature of the stimuli which affect branching and this has been studied by growing I T. L. Pawlett Postgraduate Scholar.
isolated apices and tendrils in aseptic culture with various growth substances. Most experiments were carried out with explants from cuttings of grape cultivars but explants were also taken from open pollinated grape seedlings. In seedlings the first tendrils are formed at nodes 9 to 15, a few weeks after germination, but the first inflorescences may take 3 to 5 years to make their appearance in the field. In this paper we report on the formation of inflorescences and flowers in vitro from tendrils of grape cultivars and from the tendrils of 12-to 15-week-old seedlings.
MATERIALS AND METHODS Rooted cuttings of the grapevine (cvs. Muscat of Alexandria, Shiraz, Cabernet Sauvignon, Wortley Hall, and Sultana syn. Thompson Seedless), were propagated from cool stored (4 C) canes as described previously (27) . Grape seeds were extracted from winery marc and stratified (4 C) with perlite for at least 7 weeks before sowing.
Lateral (entre coeur) shoots from the regrowth from cuttings were collected and surface-sterilized by standard procedures. Shoot tips bearing one or two unfolded leaves were excised and cultured on agar (0.7%) with Nitsch's basal medium (18) supplemented with casein hydrolysate (0.1 %) and various cytokinins (BA,2 PBA, ZR,2iP kinetin, zeatin, and adenine). The tips were grown for 4 to 6 weeks (16-hr illumination, 3 wm-2 irradiance, 28 C) until tendrils were produced opposite to the newly formed leaves.
Explants consisting of tendrils alone, or of tendril plus associated leaves and axillary buds, were excised from the cultured shoot tips with the aid of a stereomicroscope. They were then grown in liquid culture supplemented with cytokinins as before, in a gyrorotatory incubator (80 oscillations min-', 16 -hr illumination, 2.5 wm-2 irradiance, 28 C).
With open pollinated grape seedlings, the tips of primary shoots were removed from 12-to 15-week-old plants. These tips were cultivated in vitro to produce tendril explants and subsequently inflorescences, in the same way as from the tips of cultivars.
The tendril explants were then cultured for a further 6 to 9 weeks before being examined for inflorescence and flower formation using a scanning electron microscope. Preparation of scanning electron microscope specimens has been described (27) . The inflorescences formed in gyrorotatory culture were irregular in shape, therefore dry wt and number of branches were taken as measures of size.
All cytokinins were obtained from the Sigma Chemical Co., except PBA which was a gift from the Shell Development Co. (Fig. 2, A and B) . Adenine was either without effect or was inhibitory to inflorescence formation.
Inflorescence Formation by Isolated Tendrils of Grapevine Seedlings. The tips of primary shoots of seedlings which had just begun to produce tendrils (i.e. after production of 9-15 nodes) were cultured on agar. Young tendrils were excised from cultured tips and were grown in liquid culture with the same procedures as used for explants from the cultivars. When these seedling tendrils were cultivated for 3 to 4 weeks with PBA (10 .M) there was prolific branching of the tendrils and formation of inflorescences. These inflorescences were mostly red.
DEVELOPMENTAL ANATOMY OF INFLORESCENCES AND FLOWERS PRODUCED BY ISOLATED TENDRILS
Inflorescences. The process of inflorescence formation in vitro is similar to the process in vivo. In culture the inflorescence arose by repeated branching of young tendrils (Fig. ld) . In the intact vine the primordial inflorescences arise by repeated branching of the anlage. In the cultured tendrils each branch was subtended by a large overgrown bract. Branches were usually pale green but the bracts were red. In some instances the bracts developed into leaves. After a period of profuse branching by isolated tendrils, groups of three to five flowers began to appear in the explants (Fig. le) . Flowers. The flower buds which developed on tendrils grown with BA or PBA formed calyx and corolla (calyptra in grapes) ( cium. However, when partly formed flowers or tendrils were grown with a sequence of cytokinins there was considerable further development of flower parts. For example, a small green inflorescence was formed with ZR (10 gM). If the medium was renewed after 3 weeks then supplemented with PBA (5 ,uM) as well as ZR (10 gM) it was found that the development of calyx and calyptra was complete and that stamens and pistils were also produced (Fig. 1, f and h ). In some of these flowers the gynoecium was abnormal and there were instances of open carpels (Fig. lg) . So far, the anthers and ovules produced by the flowers induced on cultured tendrils have been empty and no evidence has been obtained of microspore or megaspore production in vitro.
DISCUSSION
Flower induction and development in response to exogenous cytokinins have been observed in a few herbaceous plants (11, 13, 17) . There is a marked increase in cytokinin activity in the ascending xylem sap during bud burst in some woody perennials (7, 10, 24) been shown to promote the growth of flowers in grapevine cuttings (14) . In the present experiment, inflorescences and flowers have been made to grow on young grapevine tendrils by treatment with cytokinins.
Morphologically, the grapevine inflorescence is a system of branches (23) , and it is clear that cytokinins are involved in the control of branching. Additional evidence of a relationship between branching of meristems and formation of inflorescences in response to cytokinins is to be found in herbaceous species (25) . In Chenopodium rubrum, a short day plant, the appearance of flowers is preceded by profuse branching of the stem apex. With conditions of suboptimal induction there is production of branches but flowers are not formed (9) . In grapes, it is noteworthy that low concentrations of BA and PBA caused branching of isolated tendrils but that formation of flowers required exogenous cytokinins at a concentration of 5 to 10 t.M. In Carex spp., application of BA caused changes in the pattern of growth of the inflorescence; determinate branching was replaced by indeterminate branching (26) . A similar response to exogenous cytokinins was found in our cultures of the grapevine (Fig. ld) , wherein cytokinin induced profuse lateral branching of tendrils which have been defined as determinate shoots (28) . These observations, in which formation of inflorescences is closely associated with lateral branching, indicate that the mechanism of flower formation involves a weakening of apical dominance in the tendril. The role of cytokinin and of other growth substances in controlling apical dominance is well known (19) . Effects of cytokinin on flowering in grapes are consistent with the view of Zeevaart (30) that flowering in woody perennials is governed by the response of apices to an interaction of growth substances, rather than by response to a specific florigen.
Morphogenetic effects of ZR and PBA have been indicated previously in the grapevine and include promotion of flower growth in vitro (20) and development of pistils by staminate flowers (16) . ZR is the main cytokinin of the xylem sap of the grapevine (24) . The requirement for both ZR and PBA for production of inflorescences and flowers in cultured tendrils is difficult to interpret. However, the importance of multiple forms of cytokinins in the control of growth and development has been emphasized, by some workers (6) . Abnormalities such as multiple lobes on calyx and calyptra, open ovules, and short styles (Fig. 1, g and h ), which were found in grape flowers in response to PBA, have also been reported in cytokinin-treated plants of Browallia demissa (5) .
The absence of micro-and megasporogenesis in the flowers formed in vitro suggests that factors other than cytokinins, minerals and sucrose are necessary for these processes. Empty ovules lacking an egg apparatus have been reported previously in grape flowers grown in vitro with ZR (20) but pistil development was promoted by PBA in staminate flowers in intact plants (16) . It seems that factors which trigger meiosis in mitotic cells are available in intact plants but lacking in the tissue culture media used for our explants.
The results of the present experiment confirm our earlier conception that the grapevine tendril is a weakly differentiated inflorescence (27) . Accordingly, the appearance of the first tendril on a grape seedling is a manifestation of phase change; i.e. the transition from the juvenile nonflowering stage to the adult flowering condition and not merely a change in form associated with the acquisition of a climbing habit (22) . This knowledge is being applied to the induction of precocious flowering for plant-breeding purposes.
